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PIIOVISIONAI, SPECIFICATION 

Improvements relating to the Manufacture of Bladed Turbine 
Discs, Compressor Rotors or the like 



We, Power Jets (Bjssjsauch AJfD 
Development) Limited, a British Com- 
pany, of 8, Hamilton Place, London, 
vT.l, and TIbisteam Allan Taylor, a 
& British. Subject, of the said Company's 
address, do hereby declare the nature of 
our invention to be as follows : — 

This invention relates to improvements 
in the manufacture of bladed turbine 

i0 discs, compressor rotors or like articles, 
for example for use in gas turbine engines 
and its object is to enable complex struc- 
tures of this kind to be made more easily 
m and rapidly than hitherto, in the previ- 

15 ously known methods of manufacture of 
such articles it is necessary to carry out 
a number of difficult and complex machin- 
ing- processes, and the object of the inven- 
tion is to enable for example^ a turbine 

20 disc complete with blades or similar com- 
plex structures to be cast in one piece so 
that these machining processes are elimi- 
nated. Units such as axial compressors 
may be built up by casting the individual 

•25 stages and assembling them together 
on a suitable shaft, or if so desired all 
stages may be cast as one piece. 

According to the invention a bladed 
turbine disc, compressor rotor or like 

30 structure is made by preparing a wax 
model ol the said structure, spraying said 
model with a solution containing finely 
ground refractory material in suspension, 
preparing a mould from the wax model, 

35 introd-uomg molten metal into said mould . 
and subsequently spinning said mould 
about a vertical axis to form a centrifugal 
casting. 

The mould may be made from refrac- 
40 torv material and & binding liquid in the 
form of a liquid suspension or slurry 
which is poured into a container sur- 
rounding the wax model until the latter 
is completely immersed. The assembly is 
45 then placed on a vibrating table until the 
mould material- has set haTd % _ Setting 
may be accelerated by the addition of a 

Buitaol© alkali to tka mix, arach tta mflg- 

[Price 2/-] 



nesium oxide or other basic oxide. After 
the inould has been hardened the wax 
model may be removed by heating the 
mould to melt or burn away the wax. 

The suspension used for spraying the 
was model is suitably chosen to give the 
casting a good surf ace finish. A suitable 
mixture to use may for example com- 
prise a suspension of silica or other refrac- 
tory oxide or silicate in a solution con- 
taining sodium silicate or ethyl silicate 
as a binder . 

In applying the invention in detail one 
process of manufacture according to the 
invention as applied to a bladed turbine 
disc is as follows. A wax model of the 
turbine disc and blades is first made. This 
may bo done by means of a master pattern 
from which a master mould is prepared. 
By injecting melted wax into this master 
monld and allowing the ^ax to set, a wax 
model is obtained. The complete wax 
model may be made at one injection into 
a suitable die or may be built up by weld- 
ing together individual wax components 
made separately in dies of simpler con- 
struction, .e.g. in making a wax model of 
a turbine the blades and disc may be 
made separately and afterwards welded 
together while located in a suitable fix- 
ture This modal io th.cn. sprayed to giro it 
a surface coating which may for example, 
consist of a suspension of silica in a 
sodium or ethyl silicate solution. 

The liquid is allowed to dry (for 
example at normal air temperature) and 
the wax model is then placed in a con- 
tainer which is filled with a liquid com- 
position or slurry which when allowed to 
stand at room temperature or heated for 
several hours at a temperature of about 
40—60° C. with or without the use of a 
vibrating table will form a hard refrac- 
tory mould. The mould is then heated 
slowly to a temperature of about 700° C. 
or over so as to melt the wax and com- 
pletely burn it away. The result of this 
procedure is to producA a refractory pre- 
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cision mould which can then be used for 
containing molten metal. 

The mould is then heated to a tempera- 
ture, which is adjusted to be suitable for 
6 the material being- cast into it, e.g. for 
steels and other metals of high melting 
point the temperature may be raised to 
1000°— 1300* C. while for metals of 
lower melting' point the mould tempera- 
10 ture may be reduced to any desired value 
down to room temperature. 

The molten metal is poured into the hot 
refractory mould which is secured to a 
suitable support and the latter is rapidly 
15 spun so as to create sufficient centrifugal 
force to fill completely the mould cavity 
or cavities and give the final casting its 
desirable metallurgical properties. 
The mould is then allowed to cool until 



the metal has solidified and the refractory 20 
mould is then destroyed, for exnmple by 
subjecting it to a few sharp blows with a 
hammer. The composition of the slurry 
composing the mould material is so 
chosen that the mould has sufficient mech- 25 
anical strength to withstand the centri- 
fugal forces and the impact and erosion of 
the molten metal % yet is not so strong that 
it cannot be easily removed from the coat- 
ing.. A suitable composition tor this pur- 30 
pose may for example be 
Solid refractory material - 10 lbs. 

Liquid ^ 1 litre 

The solid refractory material may 1x? 
composed of 60% calcined fireclay 35 
" grog " and 40% silica flour, a suitable 
grading for which is as follows: — 



40 



45 



Grog 
B.S.S. Sieve 

On 10 size mesh 2% 

Through 10 on 30 - 
30 „ 60 - 
60 ., 100 - 
„ 100 ;,170 - 
„ 170 - - - 



Silica Flour 
All through 200 B.S.S. Sieve 



20% 

- 18% 

- 17% 

Kemainder 



50 



The liquid may conveniently consist 
of: — 

25% tetre ethyl silicate 
hO% alcohol or methylated spirit) 
25% a solution of 15% concentrated 
hydrochloric acid in 80% aqueous 
alcohol. 

The result of this process, is to produce 
a bladed turbine disc having the required 
55 metallurgical properties and a good finish 
and complete in a single casting whicb 
may if desired be given a final additional 



finish, such as by mechanical or electro- 
lytic polishing, and the turbine disc is 
then in suitable form for mounting in a 60 
steaiu or gas turbine or other primr 
mover. 

Dated this 21st day of March, 1946. 

Por the Applicants : 
F. -J. CLEVELAND & COMPAQ. 
Chartered Patent Agents. 
29, Southampton Buildings. 
Chancery Lane, London, TT.C.2. 



COMPLETE SPECIFICATION 

Improvements relating to the Manufacture of Bladed Turbine 
Discs, Compressor Rotors or the like 



We, Power Jets (Research and 
Development) Limited, a. British Com- 

65 pany, of S, Hamilton Place, London, 
VT.l, mid Titus'raAtt Ai*la.n Tat^u*, u 
British Subject, of National Gras Turbine 
Establishment, TVhef stone, near Leicester, 
formerly of the said Company's address. 

70 do hereby' declare the nature of our 
invention and in what manner the same 
is to be performed, to be particularly 

. : described and ascertained in and by the 
following* statement: — 

75 This invention relates to improvements 
in the manufacture of bladed turbine 
discs, compressor rotors or like articles, 
for example for use in gas turbine engines 
and its object is to enaole complex struc- 

80 tures of this kind to be made more easily 



and rapidly than hitherto. In the pre- 
viously known .^methods of manufacture of 
such articles, it is necessary to cany out 
a number of difficult and complex machin- 
ing processes, and the object of the inven- 
tion is to enable for example a turbini- 
disc complete with blades, or a similar 
complex structure to be cast in one piece, 
so that these machining processes are 
eliminated. Units such as axial com- 
pressors may be built up by casting the 
individual stage* and nR*<»TviWing them 
together on a suitable shaft, or if desired 
all stages may be cast as one piece. 

^ According to the invention a bladed tur- 95 
bine disc, compressor rotor or like struc- 
ture is made by preparing a wax model 
of the said structure, coating said model 
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with a solution containing finely ground 
refractory material in suspension by 
823^ ° r preparing a mould 

fiom the wax model, introducmg molten 
5 metal into said mould, and subsequently 
spinning said mould about a vertical axis 
which is also tie axis of said body to form 
a centrifugal casting, 
in mou ld maybe made from refrac- 

tory material and a binding liquid in the 
f0 1 rm , of a liquid suspension or slurry 
which is poured into a container sur- 
rounding tie coated wax model until the 
latter is completely immersed. The 
assembly may then be placed on a vibrat- 
ing table to remove any entrapped air 
bubbles and to consolidate the mould 
material. Setting time is governed by the 
composition of the binding liquid and 
M may be accelerated by the addition of a 
suitable refractory material and alkali to 
the mix, such as magnesium oxide or 
other basic compound. After the mould 
has been hardened the wax model may be 
& removed by heating the mould to melt or 
burn away the wax. 

The suspension used for coating the wax 
model is suitably chosen to give the cast- 
mg a good surface finish. A suitable mix- 
oO ture to use may for example comprise a 
suspension of silica or other refractory 
oxide or silicate in a solution containing 
sodium silicate or ethyl silicate as a 

bander. 

35 In applying the invention in detail one 
process of manufacture according to the 
invention as applied to a bladed turbine 
disc is as follows. A wax model of the 
turbine disc and blades is first made. 

40 This may be done by meana of a master 
pattern from which a master mould is 
prepared. By injecting melted wax into 
this master mould and allowing the wax 
to set, a wax model is obtained. The com- 

45 plete wax model may be made at one 
injection into a suitable die or may be 
built up by welding together individual 
wax components made separately in dies 
of simpler construction e.g. in making a 

50 wax model of a turbine, the blades and 
disc may be made RAparatftly and after- 
wards welded together, while located in 
a suitable fixture. This model is then 
sprayed to give it a surface coating which 
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115 



Silica Mour 
All through 200 B.S.S. Sieve 



may for example, consist of a suspension « 
of silica in a sodium or ethyl silicate 
solution. 

The liquid is allowed to dry (for 
example at normal air temperature) and 
the wax model is then placed in a con- «n 
tamer which is filled with a liquid com- 
position or slurry, which when allowed to ' 
stand at room temperature or heated for 
several hours at a temperature of about 
40— 50* C. with or without the use of a fifi 
vibrating table will form a hard refrac- 
tory mould. The mould is then heated 
slowly to a temperature of about 700* C. 
or over, so as to melt the wax and com- 
pletely bum it away. Th6 result of this TO 
procedure is to produce a refractory pre- 
cision mould which can then be used for 
containing molten metal. 

The mould is then heated to a tempera- 
ture which is adjusted to be suitable for 76 
the material being cast into it, e.g. for 
steels and other metalB of high melting 
point, the temperature may be raised to 
1000'— 1300' C\ while for metals of 
lower melting point the mould tempera- 80 
hire may be reduced to any desired value 
down to room temperature . 

Tbfl molten mata! is pourod into the hot 
refractory mould, which is secured to a 
suitable support and the latter is rapidly So 
spun so as to create sufficient centrifugal 
force to fill completelv.the mould cavity 
or cavities and give the casting its 
desirable metallurgical properties. 

The mould is then allowed to cool until 90 
the metal has solidified and the ref ractorv 
mould is then destroyed, for example, by 
subjecting it to a few sharp blows with a 
hammer. The composition of the slurry 
composing the mould material, is so 95 
chosen that the mould hae cuifioicxLt mech- 
anical strength to withstand the centri- 
fugal forces and the impact of and erosion 
by the molten metal, yet is not so strong 
that it cannot be easily removed from the inn 
casting. A suitable composition for this 
purpose may, for example be 
Solid refractory material - 10 lbs. 

liquid m 1 litre 

The solid refractory material may be m* 
composed of 60% calcined fireclay 
grog " and 40% silica flour, a suitable 
grading for which is as follows : — 

Grog 
. B.S.S. Sieve 
On 10 size mesh - 
Through 10 on 30 
» 30 „ 00 
60 ,,100 



2% 
20% 



100 ,,170 
170 



:.. - 17% 
- - 20% 
xtemainder 
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Tlie liquid may conveniently consist 
of: — 

25% tetre ethyl silicate 
50% alcohol or methylated spirit) 
5 25% a solution of 15% concentrated 

hydrochloric aeid in S0% aqueous 

alcohol. 

The bladed turbine disc found by the 
above described process niay^if desired, 

10 be given a £nal additional finish, such as 
by mechanical or electrolytic polishing, 
before mounting: it in a steam or gas tur- 
bine or other prime mover. 
Having now particularly described and 

15 ascertained the nature of our said inven- 
tion and in what manner the *ame is to 
be performed, we declare that what we 
claim is : — 

1. A method of producing a rotary 
20 bladed body, such as a bladed turbine disc 

or compressor rotor comprising forming 
a wax model of said body., spraying said 
model with a liquid containing finely 
ground refractory material in suspension, 
25 preparing 1 a mould from the wax model, 
introducing molten metal into said mould 
and spinning; said mould about a vertical 
axis which is also the axis of said body. 

2. A method as claimed in Claim 1 
30 wherein the liquid is a solution contain- 
ing sodium or ethyl silicate containing a 
suspension of a refractory oxide or silicate 
for example silica. 

3. A method as claimed in Claim 1 or 2 
85 wherein the mould is of refractory 

material and is formed by pouring a 
liquid suspension or slurry over the coated 
wax model in a suitable container and 
subsequently setting or hardening said 
40 suspension or slurry. 



4. A method as claimed in Claim *i 
wherein the suspension or slurry com- 
prises a solid refractory material unci u 
liquid in the proportion of 10 lbs. to 1 liire 
respectively, the solid being compo>ed id' 45 
60% calcined fireclay grog and 40% 
silica flour. 

5. A method as claimed in Claim 4 
wherein the liquid comprises tetia ethyl 
silicate, alcohol and a solution of cone-en- 50 
trated hydrochloric acid in. alcohol. ... * * 

6. A method as claimed in Claim 4 
wherein the- liquid is composed »r 2o r ;., 
tetra ethyl* silicate, 50% alcohol and the 
remainder a solution of 15% concentrated 65 
hydrochloric acid in 80% aqucou.s uli ohol. 

7. A method as claimed in Claim 4, ~) 
or 0 wherein the silica flour all misses 
through a sieve of. British Standard Sizt* 
200, while the grog has the following 60 
grading: — 

B,S.S. Sieve 
On 10 size mesh ----- 2>. 
Through 10 on 30 - - - - 20';> 

30 ,. 60 - - - - IS".. 65 

no ioo - - - - ir \, 
iuo ;; i7o - - - - 2o?o 

„ 170 - - - - Remainder 

8. A method of producing n rotury 
bladed body substantially as hereinabove 70 
described. 

9. A rotary bladed body produced by i Ja« 
method claimed in any one of flip preced- 
ing claims. 

Dated this 3rd day of April, 1947. 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
Agents for the Applicants, 
29, Southampton Buildings, 
Phuncerv Lane, London, TT.C.2. 
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This invention relates to impellers for centrifu- 
gal compressors, pumps, and the like, and whilst 
capable of being applied to pumps for liquid is 
intended primarily to apply to air compressors. 
The invention has for its main purpose to com- 
bine functional efficiency with practicability of 
manufacture, in relation to the impeller of such 
machines, especially when it is desired to pro- 
vide machines of comparatively light weight and 



trifugal stresses are of a high order; therefore 
It is mechanically desirable that the centre of 
mpgg of a vane should lie in a radius of rotation 
which lies within the thickness of the vane and 
so to design the rest of the vane that the cen- 
trifugal load due to each element of it results 
primarily in tensile stress, such secondary bend- 
ing stress as may be inevitable being kept to the 
absolute minimum. The foregoing design consid- 



high rate of mass flow, which will operate with io erations have to be compromised with ease of 
a high compression ratio per stage for the type manufacture. The invention seeks to provide im- 
of machine. Such attributes are especially de- pellers which in each of these respects comes as 
sirable In compressors for use in aero-engine in- near to the ideal as is practicable. 
staUatlons A centrifugal compressor or pump, especially 

The invention is applicable both to compressors 15 for comparatively high mass flow and small di- 
with unilateral and with bilateral intake, and. mensions, according to this invention has an im- 
especially favours the latter if Tna^™"m advan- peller of the type stated (such as will for brevity 
tage is to be gained. Impellers with which the be referred to as a centrifugal impeller) In which 
invention is concerned are of the type in which the substantially radial vanes, boss, and disc, are 
the vanes define channels which in the region 20 made integral, and each of these .vanes is made 



of entry are substantially axlally directed and at 
the periphery or region of discharge are radially 
directed* and conseauently in which the general 
path of the operative fluid is directed from the 
axial to radial (ignoring the fact of rotation) . 

Aerodynamic or hydrodynamic considerations 
show that the change of direction of the operative 
fluid in the channels of the impeller of a cen- 
trifugal compressor relative to the impeller, par- 



with flat surfaces (except for the regions immedi- 
ately adjacent the margins of the vane) and 
lies in a plane which is Inclined to the axis of 
rotation and to the plane of rotation, at an angle 
which corresponds substantially to the angle of 
attack required of the vane at its minimum radius 
at the boss, or is positive in Incidence at this 
station, by an angle between aero and the criti- 
cal angle for streamline flow in the design con- 



ticularly in the intake region, should be as grad- 30 dition of operation. Preferably each vane is also 



so disposed that a radial line from its centre of 
mass to the axis of rotation, in the plane of 
roLablun, regarding Mxa whole vane as an element 
lies in the thickness of the vane and the dis- 
tribution of mass of the vane about the centre of 
mass is preferably such that the secondary cen- 
trifugal bending stress distribution in the vane 
is kept to a minimum. The vane, formed accord- 
ing to the foregoing, preferably has Its leading 



ual as possible if losses and undesirable phe- 
nomena are to be avoided. Change of cross-sec- 

tlonal area of the channels, if such change is 
divergent in the direction of the flow, should also 
be gradual and substantially more gradual around ^ 
a bend than would be requisite in a straight dif- 
fuser. The angle of attack of vanes at entry 
should be as nearly as possible zero, referred to 
the relative direction of the flow to the vanes; 

it follows that (the vane leading edges necessarily 40 edge region bent (after making the vane) for- 
having radial length) the leading edge regions wardly in the direction of rotation or is profiled 
of the vanes should have a radially decreasing in sunn a fashion as to present an effective angle 
angle relative to the plane of rotation because of of attack at each radial station, corresponding 
the radial velocity gradient along the leading substantially to the relative direction of fluid flow 
edge, unless the tangential or axial velocity of 45 at entry and having regard to .the rotational ve- 
entering air varies radially. Mechanical and lodty of the leading edge at each station. Such 
manufacturing* ooauidcrations however make it bending, however, might be modified slightly to 
difficult to give the leading edge at its least radius achieve the required passage area between adja- 
any angle other than that of the remainder of the cent pairs of vanes, but should not be so far from 
vane, since it is assumed that the vanes are to 50 corresponding to a zero angle of attack, as to 



be made integral with the central boss or hub of 
the impeller and its disc part. For high rota- 
tional speeds it is moreover desirable that the 
vane structure should only be subject to loads 
which they can comfortably withstand, and cen- 



become critical from the streamline point of view 
(and it is to latitude, within this compass that, 
the word "substantially" Is directed). It will be 
found that in design it is possible to arrange that 
65 this bending is such as' to bring the centres of 
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mass of relatively unsupported parts of the vane. There follows further cutting to remove the 

near or on radii which lie in the Vane thickness, material which would otherwise He in the Chan- 

so that centrifugal bending stresses in the already nets of the impeller, and further operations to 

bent portion, are minimised, and first-order stress remove irregularities, burrs etc. as may be heces- 
Is ajl tensile. 5 sary, also to trim up the margins and radii. Tha 

The impeller is found to be such that the vanes ; machining ■ operations can be performed by 

can be machined by straightforward milling straightforward tools, where desired, and thus 

methods, no complicated profiling machinery be- no elaborate profiling needing highly specialised 

ing required. It may also lend itself to casting, machine tools etc. is called for. 
■ moulding, or extrusion methods of manufacture, 10 In the course of cutting the two -surfaces of a 

without the complexity of awkward re-entrant vane, two or morn cuts may be made with slight 

shapes in recesses of deep and narrow character: changes of the cutter angle, In order to taper the 

The vanes may be farmed with some extent of ■ section of the vane axialJy or radially or both, 

overhang at their leading edges; that is to say and some blending between one so-formed flat 
'the overall axial length over the vanes is greater 15 and another, may be provided. It can be dis- 

than that of the boss portion. In such cases the corned from Pig. a for example, that the vanes 

angle of the plane of a vane to the axis may be are tapered towards the leading edge, in the 

reduced to a degree according to the extent to region of a bend afterwards mentioned; as cut 

which the overhang can be bent to take up fur- ; and. before bending, the vane is made with flat 
ther angle; or, the overhang may be flat and 20 surfaces. 

merely constitute an unbent or uncambered lead- ; The inner margins of the vanes, at I A, are 

ing edge, in effect decreasing the pitch/chord ■ blended into the disc and hub by radiuslng, the 

ratio of the vanes. ! cutter being appropriately shaped to this end. 

The invention is preferably applied to icom- I The free margin IB is preferably left "square" 
pressors with bilateral intakes; in such cases the 25 and- can be formed simply by turning on a lathe, 

impeller Is double-sided and symmetrical about The tip I C may be likewise left "square" or may 

its plane of rotation in the disc As viewed on be faired oft in streamline manner. The leading 

the tips, the vanes make a "herringbone" pattern ■ edge ID is trimmed carefully to the aerodynaml- 

of which the edge of the disc is the backbone. ■ cally required profile. 

The accompanying drawings illustrate a bilat- 30 The van*** ara formed, with an nvarhaneing 

era! impeller according to the invention and also ' leading edge, by undercutting as at 6; this per- 

illustrate how a straightforward milling cutter nuts the whole length of the leading edge to be 

method can be used for its manufacture. '. bent to required angles of incidence, whereas 

Fig. 1 is a perspective view of a complete lm- "j the angle of the vanes at the entry end of the 

poller. 30 inner margin I A <at 4P of Fig. 4) la of course 

Pig. 2 is a (fragmentary)- view looking radially fixed in manufacture by the skewing of the cut- 
inwardly at the periphery. . ter. This angle which is that of the vane as a 

Rg. 3 is a (fragmentary) view in axial eleva- - ; whole is selected to correspond (in the design 

tion. ; condition of operation) with zero incidence or 

Pig. 4 is a half-section through the axis and is 40 positive incidence within the critical angle for 

related to the sectional views 4A to 4E, taken on streamline flow. 

the lines A to E of Pig. 4. The vanes, when formed in the manner de- 
Pig. 5 is an axial view of a blank forging, show- scribed, can be so located with reference to the 
ing the attack of a milling cutter to form the axis of the. impeller, that the centre of mass (as 
vanes. 43 nearly as it can be ascertained) of each vane lies 
It win be seen from a general view of the draw- : in a radius from the axfe of rotation which is 
ings that the impeller is of bilateral type, that is included in the thickness of the vane. Thus if 
to say it Is for a compressor having double inlet the centre of mass is the point M (in Figs. 3, 4, 
eves. The vanes, on each si dp of a central web or 1 4C) , a radius R drawn from the astie to the point 
disc, are so disposed that they present a "her- 60 M, would be wholely within the metal thickness, 
ringbone" pattern at the periphery. The vanes. This obviates any major bending loads being set 
the disc, and the main boss or hub of the impeller, ! up^ by centrifugal force. Moreover, owing to the 
are integral, and though it is not possible to de- - skewed position of the vanes, the centres of mass 
fine precisely what is "dJoo" and what is "boas" ; of particles of each vane, are not very far from 
because these parts merge together, they are nev- 55 likewise being on contained radii, though they 
ertheless convenient terms to use, since they are ! cannot all be exactly so, so that such bending 
adequately descriptive in the context in which ; stresses in vanes as do arise due to centrifugal 
they are used. : force, are kept reasonably low, and all major 

Pig. 4 gives a good indication of the parts. The loads are transmitted practically in tension, 
vanes I spring from the boss 2 and disc 3. The 60 In some conditions (for example where there 
boss is axially bored at 2A. is controlled pre- whirl or radially varying axial 
Each vane I is initially formed (except at its : flow velocities of entering fluid) an impeller as 
margins which will be described) by flat surf am*, • so far described, i. e. with entirely flat vanes, 
such as result from cutting with an edge cutter may be practical and efficient as it stands. It 
(represented at 5, Pig. 5) with a straight feed. 65 is however^feferre^ fe"cater for straight con- 
By setting up the work (comprising an appro- stant velocity axial fluid entry without pre -whirl, 
priately shaped blank) and the cutter S so that and this necessitates a variation of angle of 
the axis of the outter is inclined or skewed rela- Incidence at the entry, at duierent radial sta- 
tlve to the axis of the impeller, to the plane of i tions. Such variation is afforded by bending the 
rotation of the impeller, and to the radius of the 70 vanes. The nature of such bending is illustrated 
impeller where the cut is made (as illustrated In by the drawings and in particular by Fig. 4 and 
Pig. 5), the features of the invention result. Pig. : its related sectional figures which show that at 
5 shows first cuts being made; these are followed lesser radius (4E) the leading edge of a vane 
by a second series of cuts which define the second : is slightly bent forwards in the direction of rota- 
surface of each vane. T5 tion, and the degree of bending Increases radially 
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outwards to that shown at 4A at the tip of the 
leading edge. By this means the change In 
peripheral velocity due to increased radius is 
related to the fluid path so that the Incidence 
at entry is zero, or Is positive within the critical 
angle. At the .location 4P however, the vane 
cannot be bent because Its margin is not free, 
hence the above-mentioned fact that the angle 
of the whole vane is defined by the incidence 
required at Its minimum radius. 

The bending of the vanes Is preferably by 
manipulation whilst hot, use being made of 
blocks or formers appropriately contoured, and 
temporarily held In the channels between one 
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an entry portion forming a continuation of the 
main portion, the vanes defining curved chan- 
nels substantially axially directed at the fluid 
entry region and substantially radially at the 
fluid discharge* region and each of said vanes 
having flat surfaces except at the margin of the 
entry portion and lying in a plane which is 
inclined to the plane of rotation of the Impeller 
at an angle which corresponds to an an trie of 
attack of the entry portion of the vane .at its 
minimum .radius which is positive but less than 
the critical angle for streamline -flow in the 
design condition' of operation. 
4. An Impeller according to claim 3 in which 



bending as that shown has the incidental ad- 
vantage that it brings the centre of mass of 
the least well supported part of the vane. i. e. 
the region of the outer part of the le ading edge, 
nearer the condition where it lies on a contained on 
radius. * u 

In putting the invention into practice, it may 
be noted that turning operations to finish the 
free margin, or on the leading edges, should be 



of the impeller is bent towards the direction of 
rotation so as to present an angle of attack at 
each radial station corresponding substantially 
to the relative direction of fluid flow at entry 
in the design condition of operation having 
regard to the velocity of the leading edge at 
each such station. 

5..A centrifugal fluid impeller comprising in- 
tegral boss, disc, and vanes, each of said vanes 



rr — ^ boss* aisc. ana vanes, eacn or said vanes 

J™ 363 damped against 23 comprising a radially disposed main portion and 
vibration, this can be accomplished by casting an entry portion forming a continuation of the 
the whole Impeller solid in wax prior to turning, main portion, the vanes defining curved chan- 
and turning off both metal and wax, subsequently nels substantially axially directed at the fluid 
m ^ t ^f T1 °^ thc rcm * J f^« entry region and substantially radially at the 

It win be seen that the double sided impeller 30 fluid discharge region and each of said vanes 
has its vanes so arranged that they are raked having flat surfaces except at the margin or the 
forwards in the intended direction of rotation, ' entry portion and lying in a plane which is 
f???^?^!^??^^ l,Jhat is to say so inclined to the plane of rotation of the impeller 

at an angle which corresponds to an angle of 
35 attack of the entry portion of the vane at its 
minimum radius which is within the range from 



— — «# • »— — »» »» **» * «fk« «ua« to i*j any du 

that the free margins IB and ID lead the margin 
I A. 
We claim: 

1. A centrifugal fluid impeller comprising in- 
tegral boss, disc, and vanes, each of said vanes 
comprising a radially disposed portion and 



« ° - «j. vuowocvl uuuu puxuioa ana pruxuaaue center oi mass or eacn vane lying in 

an entry portion forming a continuation of the 40 a radius which is included in the thickness of 

main DOrtion. the VariM fteflrrtntr cnraaH o^ nn «ai/. fha «,v,o.« M + M . A i. * — iv. . Y~T. 



— — — wuw> * (MtQO 1AU1U 

zero to the critical angle for streamline flow in 
the design condition of operation, and the ap- 
proximate center of mass of each vane lying in 



main portion, the vanes defining curved channels 
substantially axially directed at the fluid entry 
region and cubatontioUy radially* at the fluid 
discharge region and each of said vanes having 



the vane when struck from the axis of rotation. 

6. An impeller according to claim 5 in which 
the leading edge region or each vane at the eye 
of the impeller is bent towards the direction of 



<Tv — J» ° u* d»iu vtmes uaving w wie unpeuer is pent cowards the direction of 
flat surfaces except at the margin of the entry « rotation so as to present an angle of attack at 
Portion and Ivinur in a ni 0Y > 0 ™u*~u * iz—*> ^^Jl . ** 



portion and lying In a plane which is inclined 
to the plane of rotation of the impeller at an 
angle which corresponds substantially to the 
angle of attack required of the entry portion of *c 6 ai U w uv 
the vane at its minimum radius in the design 50 such station 
condition of operation. 

2. An impeller according to claim 1 in which 
the leading edge region of each vane at the eye 
of the impeller is bent towards the direction of 
rotation so as to present an angle of attack at 
each radial station corresponding substantially 
to the relative direction of fluid flow at entry in 
the design condition of operation having regard 
to tiie velocity of the leading edge at each such 
station. 

3. A centrifugal fluid impeller comprising in- 
tegral boss. aisc. and vanes, each of said vanes 
comprising a radially disposed main portion and 



each radial station corresponding substantially 
to the relative direction of fluid flow at entry 
in the design condition of operation having 
regard to the velocity of the leading edge at each 
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